Objective: To investigate cardiovascular autonomic function in patients with restless leg syndrome (RLS) by means of cardiovascular reflexes and heart rate variability (HRV) during wakefulness. Methods: Twelve RLS patients and 14 controls underwent cardiovascular function tests including headup tilt test (HUTT), Valsalva maneuver, deep breathing, hand grip, and cold face. HRV analysis was performed in the frequency domain using both autoregressive (AR) and fast Fourier transform algorithms in rest supine condition and during HUTT.
Introduction
Restless legs syndrome (RLS) is a common sensorimotor disorder with a prevalence up to 11% in the general population, and is more frequent in females than in males [1] [2] [3] . The diagnosis is made using clinical criteria established by the International Restless Legs Syndrome Study Group (IRLSSG) [4] . The five essential criteria are the following: (i) urgency to move the legs, usually with unpleasant sensations; (ii) appearance of symptoms during inactivity or rest; (iii) relief with movement; (iv) a worsening condition in the evening or at night; (v) such features are not solely accounted for as symptoms primary to another medical or a behavioral condition. RLS remains largely undiagnosed and underestimated. Nevertheless most patients do experience serious clinical consequences with a significant impact on sleep and life quality [1, 2, 5] .
In the last decade, many authors focused on the potential consequences of RLS on cardio-and cerebrovascular diseases [6, 7] , sometimes by investigating the autonomic nervous system (ANS), mainly during sleep [8] [9] [10] [11] .
The hypothesis of ANS impairment in RLS arises from several types of evidence. In fact, epidemiologic studies showed an increased prevalence and incidence of hypertension, cardiovascular, and cerebrovascular diseases in RLS patients with and without periodic limb movements in sleep (PLMS) [12] . However, some authors failed to find any association between RLS and hypertension and/or cardiovascular diseases [13, 14] . Moreover, changes in sympatho-vagal balance in RLS patients with PLMS were observed during sleep by means of heart rate variability (HRV) spectral analysis [11] .
Furthermore, complaints of autonomic system disorders in patients suffering from RLS have been recently observed by means of a subjective scale used in Parkinson disease (SCOPA -autonomic) [15] .
On these bases, the present study was carried out in RLS patients during wakefulness, aiming: (i) to study the autonomic control of cardiovascular reflexes under controlled conditions; (ii) to evaluate HRV using both autoregressive analysis (AR) and fast Fourier transform (FFT) models in rest supine condition and during headup tilt test (HUTT).
Methods

Subjects
Consecutive adult patients affected by RLS, diagnosed in accordance with the five essential criteria established by the IRLSSG [4] , were enrolled.
All patients underwent neurological examination, routine blood tests (including serum iron, transferrin and ferritin, B12 vitamin, and folate), electromyography (EMG) and electroneurography of the lower limbs in order to exclude nervous system diseases and secondary RLS. Diabetes mellitus, hypertension, heart, endocrine, metabolic and renal diseases, and smoking habit were excluded by history taking. Patients with apnea-hypopnea index >5/h were excluded by means of polysomnographic (PSG) monitoring performed through an ambulatory dynamic 32-channel system polygraph (Somnoscreen; Somnomedics, Randersacker, Germany). The signal was stored in a flash card utilizing a common average reference and a time constant of 0.3 s. Electrodes were positioned according to the 10-20 International System. The montage consisted of two oculographic channels, three electromyographic channels (mental and anterior tibialis muscles), and eight referential electroencephalographic channels (F4, C4, T4, O2, A2, F3, C3, T3, O1, A1). Respiration was assessed using recordings of oronasal flow, thoracic and abdominal movements (plethysmography), and pulse oximetry. Sleep stage analysis was performed according to the American Academy of Sleep Medicine (AASM) criteria [16] . Hypopneas, apneas, and respiratory effortrelated arousals were scored using the standard AASM criteria [17] . Episodes of PLMS were defined as leg movements with amplitude increase of 8 μV above the baseline value, duration of 0.5-10 s, a period length between two consecutive movements of 5-90 s, and a minimum of four consecutive movements [18] . Periodic limb movement index (PLMI) was considered pathological if >15/h. On the basis of PLMI, RLS patients were later divided into two subgroups: RLS patients with PLMS if PLMI >15/h (PLMS + ) and RLS patients without PLMS if PLMI <15/h (PLMS − ). Therapies with dopamine agonists were not allowed in the two weeks before the study.
The severity of RLS was assessed by the IRLSSG rating scale (IRLS) [19] commonly used to assess the severity of the disease.
RLS patients were compared with 14 healthy subjects comparable for age and sex, screened by a neurologist with expertise in sleep medicine to exclude sleep disorders and who generally enjoyed good health. Exclusion criteria were: diabetes mellitus, hypertension, heart, endocrine, metabolic and renal diseases, smoking habit, sleep disorder diagnosis (including RLS by using the same criteria set by IRLSSG [4] , insomnia, daytime sleepiness, snoring, narcolepsy/ cataplexy sleep apnea), mental illnesses, cognitive problems, and current therapies or previous use of any neuroleptic agent.
Both patients and controls underwent subjective evaluation of sleep quality and daytime somnolence by means of Pittsburgh Sleep Quality Index (PSQI) [20] and Epworth Sleepiness Scale (ESS) [21, 22] .
All subjects gave their informed consent to the procedures and the study was approved by the local ethics committee.
Cardiovascular reflexes
Both RLS patients and controls were studied in a temperaturecontrolled room (23 ± 1°C), at the same time slot (08:00-10:00) since circadian changes affect cardiovascular functions and RLS [23, 24] .
None of the subjects was under medication known to affect autonomic function and they were asked to abstain from alcohol and caffeine for ≥24 h before the investigations. Continuous noninvasive measurement of systolic and diastolic blood pressure (SBP, DBP) was obtained by an infrared photoplethysmograph (Finometer, Model-1; TNO Biomedical Instrumentation, Amsterdam, The Netherlands). Electrocardiography (Click EGC USB 3-12 Leads; ET Medical Devices SpA, Cavareno, Italy) was monitored by standard methods. Respiration rate was also continuously monitored through a nasal thermocouple respiration flow sensor (SleepSense; S.L.P. Inc, Elgin, IL, USA). Autonomic function tests were performed using standard procedures [25] . The tests were performed in the order outlined below, allowing a period of rest aimed at restoring basal blood pressure (BP) and heart rate (HR) values between investigations. The results of each test were automatically obtained by means of Light-SNV software (SparkBIO, Spark Srl, Bologna, Italy). All subjects performed the following tests: head-up tilt test (HUTT), Valsalva maneuver, deep breathing, hand grip test, and cold face.
After 30 min of supine rest, the subject was tilted up at 65°on HUTT for 10 min. At each minute of HUTT, the changes in SBP, DBP, and HR were calculated with respect to basal values. Pre-HUTT supine values (baseline) for SBP, DBP, and HR were set at 0, and changes were expressed as Δ (raw data) from baseline. The Valsalva maneuver was performed by blowing through a mouthpiece attached to a manometer and maintaining a pressure of 40 mmHg for 15 s. We have considered as indices of autonomic activity the ratio between HR in phases II and IV (VR) and the BP variations during phases II and IV. For deep breathing test, the sinus arrhythmia calculated in beats per minute (bpm) was evaluated. The difference between the maximum HR during inspiration and minimum HR during expiration (IE difference) in an individual respiratory cycle was calculated and expressed as the mean of the differences in ten respiratory cycles. At handgrip test, subjects were asked to exert 30% of maximal voluntary contraction of the dominant hand for 5 min on a dynamometer. BP was measured in the non-exercising arm at rest and at the third minute of the test. In the cold face test, changes in SBP, DBP, and HR were compared to baseline values after 60 s of synthetic ice (0-1°C) had been applied to the forehead. A neurologist and a neurophysiopathology technician performed all the autonomic tests, and they did not observe or report any leg movements.
Heart rate variability (HRV) analysis
Heart rate variability analysis was performed on each patient in the frequency domain using dedicated software (Light-SNV software). Stable HR epochs of 5 min duration were chosen in the last 6 min of 30 min supine rest and between the 4th and 9th min of HUTT. Power spectral analysis (PSA) was calculated using both a parametric (AR) and a non-parametric algorithm (FFT). We considered a high-frequency (HF), respiratory-linked component (centred 0.16-0.4 Hz), reflecting mostly vagal activity, and a low-frequency (LF) component (0.04-0.15 Hz), reflecting mostly sympathetic activity. The oscillatory components between (0-0.03 Hz) were considered to be direct current (DC) noise. The spectral components in normalized units (LFnu, HFnu) were calculated by dividing it by the total power minus the DC component. The LF/HF ratio was used as an index of sympathovagal balance [26] .
Statistical analysis
Data were reported as mean ± standard deviation. The normally distributed data were compared by means of Student's unpaired two-tailed t-test. PSA data for HRV, expressed as normalized units not normally distributed, were analyzed using the Mann-Whitney rank-sum test for between-group analysis and Wilcoxon matchedpairs signed rank test for the within-group analysis within the sample. In order to avoid type 1 statistical error, Bonferroni correction was applied when required.
In addition, because of the small sample size and to rule out possible type II error, we calculated effect sizes using Cohen's d-value which is defined as the difference between two means divided by the pooled standard deviation. According to Cohen, 0.2 indicates a small effect, 0.5 a medium effect, and ≥0.8 a large effect.
Statistical analysis was performed using the program Statistics 10.0 program Statsoft Inc. (Tulsa, OK, USA).
Results
Demographic and clinical data
Twelve patients with RLS [10 females, two males, mean age 58.41 ± 15.36 years, body mass index (BMI) 24.9 ± 3.51], mean disease duration of 4.22 ± 3.46 years and 14 healthy controls (11 females, 3 males, mean age 51.5 ± 15.18 years, BMI 24.45 ± 3.6) were included in the study.
RLS patients and controls did not significantly differ by age (unpaired t-test: P = 0.26) and BMI (P = 0.78). Of the 12 RLS patients, nine were drug-naive whereas three had been previously treated with pramipexole 0.18 mg/day (duration of treatment 1-4 weeks) but discontinued such drug therapy due to poor adherence or side-effects at least two weeks before starting the study. Polysomnographic evaluation showed PLMI >15/h in six RLS patients (PLMI 38.05 ± 17.35), whereas six patients had PLMI <15/h (PLMI 8 ± 3.86). PLM during relaxed wakefulness (PLMW) index was 1.5 ± 2.1/h (range 0-7.1/h). At IRLS, two patients had very severe degree of disease (score 31-40), eight had severe degree (score 21-30) and the remaining two had moderate degree (score [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . None of our patients had mild RLS (score 1-10). All RLS patients reported sleep complaints as measured by means of the PSQI (PSQI >5). The PSQI global score was significantly increased in comparison with controls (P = 0.0002). ESS score was significantly higher in RLS with respect to controls (P = 0.00002). Three out of 12 patients had an ESS >10. Demographic, clinical data and subjective scales of patients and controls are shown in Table 1 .
Cardiovascular reflexes
All subjects properly performed all cardiovascular tests. In supine rest condition the baseline values of SBP were significantly increased in RLS patients compared with controls (P = 0.005), whereas the basal values of DBP and HR were similar in the two groups. After 10 min of HUTT, ΔHR was significantly higher in the control group compared to RLS (P = 0. 003) ( Table 2) . At Valsalva maneuver patients exhibited a non-significant trend toward lower VR (P = 0.02) than controls. Cardiovascular responses to deep breathing, isometric handgrip, cold face were normal and similar in RLS patients and control (Table 3) . No statistical differences between RLS patients with and without PLMS were detected (Supplementary Tables S1 and S2).
HRV analysis
Spectral analysis of HRV showed no significant differences between RLS and controls in supine rest condition and during HUTT, both using AR and FFT algorithm ( Table 4 ). The within-group analysis on LFnu and HFnu components at rest and during HUTT showed a significant increase in LFnu component (AR, P = 0.01) and a significant reduction in HFnu component (AR, P = 0.01; FFT, P = 0.006) and accordingly a significant increase in the LF/HF ratio (FFT, P = 0.002) during HUTT with respect to supine rest condition in controls. No significant changes in LFnu and HFnu components during HUTT were detected in RLS patients (Table 5) . 
Discussion
The present study explored ANS in RLS patients, focusing on wakefulness.
There was a significant increase in baseline SBP in the rest supine condition compared to controls. Although these values are not suggestive of hypertension, the mean baseline SBP (135 mmHg) satisfies the criteria of systolic pre-hypertension [27] that is known to increase the risk of cardiovascular diseases [28] . Our finding is in agreement with epidemiological studies [12] and supports the hypothesis of a tendency toward hypertension in RLS.
The link between RLS and hypertension may rest in the neurological circuits supposed to be involved in the pathophysiology of this disorder [29] . Clemens et al. suggested that clinical aspects of RLS and its association with cardiovascular diseases, including hypertension, lie in the dopaminergic neurons of the hypothalamic A11 nucleus [29] . The dopaminergic inhibitory descending pathways project in all regions of the spinal cord and preferentially to the dorsal and ventral horns and to the intermediate-lateral nucleus (IML) of the spinal gray matter that represents the final common pathway of the sympathetic system. According to this model, the loss of dopaminergic input to the spinal cord leads to the Abbreviations: VR, Valsalva ratio; OV, overshoot; I -E, inspiration minus expiration; Δ, change with respect to the basal value; DBP, diastolic blood pressure; HR, heart rate. Data are mean ± standard deviation. After Bonferroni correction, significance was set at P < 0.008. Cohen's d-value was defined as the difference between two means divided by the pooled standard deviation. 95% CI, confidence interval for effect size.
Table 4
Power spectral analysis of heart rate variability with an autoregressive model (AR) and a non-parametric algorithm (FFT) at supine rest and during head-up tilt test in restless legs syndrome patients and controls (between-group analysis). Abbreviations: RLS, restless legs syndrome; CI, confidence interval; LFnu, LF normalized unit: percentage obtained by dividing the low frequency spectral component (LF), centered at 0.04-0.15 Hz, by the total power minus the direct current noise. HFnu, HF normalized unit: percentage obtained by dividing the high frequency spectral component (HF), centered at 0.16-0.4 Hz, by the total power minus the direct current noise. Data are mean ± standard deviation. After Bonferroni correction, significance was set at P < 0.016. Cohen's d-value was defined as the difference between two means divided by the pooled standard deviation.
Table 5
Power spectral analysis of heart rate variability with an autoregressive model (AR) and a non-parametric algorithm (FFT) at supine rest and during head-up tilt test in RLS patients and controls (within-group analysis).
Model/algorithm Controls (n = 14) RLS (n = 12) disinhibition of the somatosensory pathways, explaining the typical and unpleasant sensation in the limbs. Moreover, the disinhibition of IML leads to an increase in sympathetic output that might explain the alteration of ANS observed by some authors [11, 29] . In addition, there is wide evidence that the dopaminergic system dysfunction induces hypertension [30] [31] [32] , as supported by experimental studies in dopamine D3 knockout mice that has been proposed as a potential animal model for RLS [33] .
Our study excluded abnormal cardiovascular responses to HUTT, cold face, deep breathing, and isometric handgrip tests; however, the patients exhibited a non-significant trend toward a lower Valsalva ratio than controls. This result, though, lost its statistical significance after Bonferroni correction. The VR is an index of parasympathetic function representing the vagal component of the baroreflex [34] . Since parasympathetic response at Valsalva maneuver was slightly reduced in our sample, we can speculate that the predisposition to hypertension in RLS may be favored by a blunted parasympathetic response to changes in blood pressure. In support of this hypothesis, it has been documented that an attenuation of cardiovagal function is associated with increased risk of pre-hypertension in young adults [35] .
Spectral analysis of HRV did not show significant differences in our sample between RLS and controls, neither in supine rest condition nor during HUTT. Our result matches previous studies that analyzed HRV during sleep sequences without PLMS in subjects with RLS [11] , confirming that the autonomic sympathovagal balance seems unaffected at rest condition.
However, whereas the HRV analysis shows a statistically significant variation in most HRV components during HUTT compared to the supine position in controls, such variation does not occur in RLS patients using both parametric (AR) and non-parametric (FFT) algorithms. The lack of variability at HUTT was observed in patients with narcolepsy in which an exaggerated sympathetic nerve activity at rest was postulated [36] . Conversely, the sympathovagal balance in our group was unimpaired at rest, as already described in previous papers [11] , but was altered in response to HUTT. The failure of expected change in PSA at orthostatic stress could explain symptoms of orthostatic intolerance (i.e. dizziness) subjectively reported by RLS patients during the transition to the orthostatic position [15] .
In addition, there is evidence that acute sleep deprivation reduces the amplitude of both sympathetic and parasympathetic responses at HUTT in healthy subjects [37] , similar to what has been observed in our sample. Therefore we cannot rule out that sleep disturbances associated with RLS (insomnia, poor sleep efficiency), rather than the disease itself, are responsible for lower reactivity of the autonomic system during orthostatic stress.
Cardiovascular responses do not differ between PLMS + versus PLMS − patients but the small sample size, with only six subjects in each group, does not allow us to interpret these results statistically. We believe that it would be interesting to delve into this topic since recent studies observed that cardiovascular changes are more pronounced in RLS subjects compared to healthy subjects with PLMS [38] , and that HRV analysis during sleep does not show any statistical differences in basal cardiac autonomic tone between subjects with PLMS and controls [39] .
Some limitations of our study have to be considered. First, the sample size was small and there was no objective measure of sleep in control subjects. Furthermore, the possible appearance of leg movements during the cardiovascular test was not recorded by means of electromyographic channels in both RLS patients and controls. Finally, three patients were not drug-naive.
Despite these limitations, our findings suggest an involvement of ANS during wakefulness that may explain the enhanced cardiovascular risk in RLS. Additional and larger studies are needed to further explore this topic.
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